The best surgical approach for varicocoelectomy is still unknown, however more and more physicians favour subinguinal microsurgery. The aim of this study was to find whether microsurgical approach is superior to laparoscopic varicocoelectomy in terms of pregnancy rate, fertility potential, endocrinological function of the testis, erectile dysfunction and testicle volume increase. It was a prospective, non-masked, parallel-group randomized controlled trial with one to one allocation. It was conducted at authors' institution and designed as per protocol study. From 2012 till 2015 84 patients were randomly allocated to two groups. First group consisted of 42 patients who underwent laparoscopic varicocoelectomy, whereas patients from the second group underwent microsurgical varicocoelectomy. The indications for varicocoelectomy consisted of infertility >1 year, palpable left-sided varicocoele and at least one impaired semen parameter (sperm concentration <15 mln/mL; total motility<40%; progressive motility <32%, vitality <58% or normal morphology <4%). The primary goal was to show superiority of microsurgical varicocoelectomy over laparoscopic varicocoelectomy in terms of pregnancy rate. The secondary endpoints comprised assessment of sperm parameters in three-month intervals after intervention until one year. Other points included, LH, FSH and testosterone levels as well as testicle volume and International Index of Erectile Function. From each group five patients were lost during the follow-up period. The primary endpoint was not achieved -pregnancy rate in first and second group was 29.7% and 40.5% respectively (p = 0.34). Analysis of the sperm parameters after surgery revealed significant statistical difference in total motility, progressive motility and morphology in favour of microsurgical approach. Both methods showed improvement in all sperm parameters. There were no differences in hormonal levels as well as in erectile function and testicle volume between groups. Small number of patients in both groups are the main limitation of our study.
INTRODUCTION
Varicocoele is postulated to be the most common surgically correctable cause of male infertility (Dubin & Amelar, 1971; Greenberg et al., 1978) . Despite previous contradictory reports on varicocoelectomy outcomes, today's analyses and one randomized controlled trial, which has provided level 1b evidence on the superiority of varicocoelectomy over observation, state that there is a significant improvement in a pregnancy rate after the operative treatment in patients with impaired semen analysis (Baazeem et al., 2011) . Regarding semen parameters, varicocoele is considered to be the major cause of OAT (oligoasthenoteratozoospermia) syndrome, which is a combination of abnormalities in the three major semen parameters (Wei et al., 2013) . It is fortunate that surgical repair of varicocoele may result in semen improvement (Agarwal et al., 2007; Baazeem et al., 2011) . Varicocoele may also cause hypogonadism and erectile dysfunction which may indicate that this condition impairs the endocrinological function of the testis (Dabaja & Goldstein, 2016) . Taking into account that nowadays the incidence of varicocoele is increasing, seeking the best possible operative treatment has become a significant clinical problem (Rais et al., 2013) .
There are two main surgical approaches to varicocoele correction: high spermatic vein ligation (open or laparoscopic) and (sub)inguinal (macroscopic or microscopic) spermatic veins ligation. Current studies cannot provide clear evidences as to which technique provides the best outcomes, yet indicate that microsurgery should be a first choice (Jungwirth et al., 2012) (Sofikitis et al., 2014) . The only disadvantage of this technique seems to be the duration of the surgery, and higher likelihood of spermatic artery injury resulting in testicle atrophy (Ding et al., 2012) . Meta-analysis did not show significant advantage of microsurgery over laparoscopic procedure in terms of pregnancy rate (Ding et al., 2012) . Both approaches improve sperm parameters (Zhang et al., 2014) but recent analysis could not indicate superior method in that matter (Pajovic et al., 2015) .
The aim of our study was to prospectively investigate the difference in pregnancy rate up to one year post-operatively and to assess changes in sperm parameters after surgery between these two methods of treatment. In addition we analysed whether endocrinological testicle function, erectile function and testicle volume differ after any approach.
MATERIAL AND METHODS

Study design
This was a prospective randomized controlled trial. The draft of the study was completed in 2011, local ethics committee approved the study draft in 2012 under number KNW/ 022/KB1/113/12. The study was registered in Australian and New Zealand Clinical Trial Registry under the number ACTRN12612001169831. The study was conducted in author's institution between December 2012 and June 2015 (the last patient was operated in June 2015). The last observation ended in June 2016. 84 patients gave their informed consent and participated in the study. The patients were randomly assigned to one of the treatment groups -I -laparoscopic varicocoelectomy (42 patients) and II -microsurgical varicocoelectomy (42 patients). 10 patients were lost during follow-up. It was a per-protocol study (only patients with complete data were included in final analyses).
Inclusion criteria (all of them below)
Palpable left-sided varicocoele, infertility (primary and secondary) over 12 months, oligozoospermia (<15 mln/mL) or asthenozoospermia (total motility<40% or progressive motility <32%), teratozoospermia (<4%) or impaired vitality (<58%) in semen analysis, male factor (no obvious female factor), no other suspected cause of infertility in men and normal TSH.
Exclusion criteria (at least one from below) Azoospermia, recurrent varicocoele, undescended testis, mumps, secondary hypogonadism, hyperprolactynaemia, testosterone/antioestrogen therapy, age over 40, history of testis cancer.
Measures
Primary end point
Fertilization confirmed by a couple during 12 months after intervention.
Secondary endpoint
Semen analysis (semen volume, total sperm number, sperm concentration, sperm motility, sperm progressive motility, vitality, sperm morphology)
1 before admission to hospital (oligo/asteno/terato zoospermia confirmed) 2 3 months after surgery 3 6 months after surgery 4 12 months after surgery 
Interventions
Two interventions were applied: laparoscopic and subinguinal microscopic varicocoelectomy. Laparoscopic varicocoelectomy consists of transabdominal ligation of spermatic vessels. This procedure is standardized utilizing three trocars (10, 10 and 5 mm). After incision of parietal peritoneum just above the spermatic vessels they are lifted, ligated with clips and cut. Unlike the laparoscopic technique microsurgical approach varies according to anatomical aberrations (different number of spermatic veins, additional varices of external spermatic veins, various location of spermatic artery) and may include subinguinal or inguinal approach. Briefly, after skin incision 2 cm below superficial inguinal ring the spermatic cord is separated from adjacent tissue. A Foley catheter 24 French is positioned below the spermatic cord to lift it over skin incision. Microscope with 259 magnification is than deployed to conduct further steps of the procedure. Spermatic fasciae are cut with scissors to reveal vas deferens, vessels, lymphatics and nerves. Vas deferens with its vessels and spermatic artery are separated from spermatic veins, lifted and hanged over a thread. All spermatic veins are ligated and cut. We do not use Doppler ultrasound to localize spermatic artery. Instead a few drops of papaverine are applied on vessels. After that the pulse of the spermatic artery is well visualized. Microsurgical technique is always artery and lymphsparing -unlike laparoscopic one. Laparoscopic procedure is conducted by a surgeon trained in all laparoscopic procedures (15 laparoscopic varicocoelectomies per year for the last 12 years), whereas microsurgical VCL is practiced by experienced urologist (15 cases operated per year for the last 10 years) with main interest in pediatric urology where procedures under magnification are commonly practiced.
The recurrence was detected based on physical and ultrasound examination. Recurrence was confirmed if physical examination revealed grade II (palpable at rest, not visible) or III (visible at rest) varicocoele and spermatic vein diameter was ≥3 mm in standing position.
Statistical analysis
All continuous variables were checked for normality with Kolmogorow-Smirnov test and for homogeneity of variance with Levene's test. For variables with normal distribution t-tests were 
RESULTS
Eighty-four patients were randomly assigned to both groups (Fig. 1) . Seventy-four patients completed the protocol and are still under observation in hospital's ambulatory. From each group five patients were lost during the follow-up period. In group I and II 11 (29.7%) and 15 (40.5%) women were pregnant at the end of observation respectively (p = 0.32). Demographic characteristics of analysed groups are given in Table 1 . Postoperative characteristics are given in Tables 2-5. All sperm parameters (total sperm number, sperm concentration, progressive motility, total motility, normal morphology and vitality) significantly improved in subsequent 4 analyses in both groups (p < 0.001). However, only progressive motility (p = 0.03), total motility (p = 0.04) and normal morphology (p = 0.03) were significantly better improved in microsurgical group in comparison with laparoscopy group (Figs 2-4) . Other sperm parameters were comparable between groups. We also decided to check how many patients had marked improvement in their sperm parameters. As a marked improvement we adopted the simultaneous increase (any) in four main sperm parameters (sperm concentration, motility, progressive motility and morphology) 12 months post-operatively. In group I there were eight (21.6%) such good responders and in microscopic group there were 16 (43.2%) such patients (p = 0.04). There were no statistical differences in hormonal concentration between groups (Tables 2-5). Likewise testicular volume was comparable between groups before and after operation (Tables 2 and 5 ).
The mean operative time (minutes) in laparoscopy and microsurgical group was 34.5 (SD: 9.3) and 68.3 (SD: 13) respectively (p = 0.02). Median hospitalization time (days) for I and II group was 1.5 and 1.1 respectively (p = 0.33). We did not observe testicular atrophy in our cohort. Five patients (13.5%) in laparoscopic group developed hydrocoele post-operatively (p = 0.02). Epididymitis (2.7%) was observed in one patient from the second group a week after operation (p = 0.31). Recurrent varicocoele was observed in three (8.1%) patients from laparoscopy group while no one from microsurgical group suffered recurrence (p = 0.07).
DISCUSSION AND CONCLUSIONS
Non-surgical percutaneous embolization, open retroperitoneal high ligation, laparoscopic approach and subinguinal microsurgical technique are the most often performed methods in varicocoele treatment (Palomo, 1949; Wosnitzer & Roth, 1983; Porst et al., 1984; Matsuda et al., 1992) . However, amongst those ways two are utilized most often: laparoscopic and microsurgical varicocoelectomy. Many retrospective, some prospective studies and meta-analyses assessed the value of both methods, and indicate that microscopic varicocoelectomy is superior to laparoscopic technique in terms of pregnancy rate and sperm parameters -especially sperm concentration, total and progressive motility (Cayan et al., 2009) . Others emphasize that although both methods improve semen parameters the pregnancy rate is equal (Al-Said et al., 2008) . It is worth mentioning that some studies showed improvement in all sperm parameters after varicocoelectomy (Watanabe et al., 2005) . In our study, we could not prove the superiority of any method in terms of pregnancy rate. The improvements of sperm parameters were rather modest with the most significant ones 3 months post-operatively in both groups (Figs 2-4) . Even in microsurgical group such improvements were not impressive and thus may have a weak influence on pregnancy rate. Although both methods improved all sperm parameters significantly in time only progressive motility, total motility and normal morphology were significantly better improved after microsurgical approach. There is no simple explanation why only some parameters are better improved, while others are not. Surprisingly we could not prove that testicular volume increases after the operation (Tables 2 and 5) . It means that patients in our group did not have a profound damage of the testicle caused by varicocoele pre-operatively. This explanation is also supported by the fact that hormone levels were undisturbed and erectile function in our patients was unaffected. It also suggest that varicocoele might be a heterogeneous condition with different levels of testicle parenchyma injury. 448 Andrology, 2017, 5, 445-450 The question whether preservation of the spermatic artery is an important factor on semen parameters is still unanswered. Some authors suggest that negative changes in semen quality and testicular atrophy occur after ligation of the spermatic artery (MacMahon et al., 1976) , whereas others claim that saving the arteries of the vas deferens and cremaster while ligating spermatic artery brings no changes to the testis blood supply (Lynch et al., 1993) . The fact that in laparoscopic group the artery was not preserved may also indicate why this group was inferior in terms of improvement in sperm parameters. Although still controversial, preserving spermatic artery should be performed whenever possible.
The results of this study also confirmed that the rate of hydrocoele is significantly higher after laparoscopic approach. This is mainly because of lymph-sparring technique during microscopic procedure. This fact also indicates that microsurgical technique should be elected as first-line treatment whenever possible.
Our study is not without flaws. Its main limitation is small group of participants and the fact that it is was conducted in single tertiary care urological centre. On the other hand strict inclusion and exclusion criteria made our cohort very homogenous. The comprehensive hormonal studies in each patient allowed us to exclude patients with other possible causes of infertility. Another advantage of this study is the fact that sperm parameters were assessed only in patients with fertility problems excluding patients with other indications for surgery (e.g. testicular discomfort). And finally our study is one of the few which concerns all aspects of varicocoele (pregnancy, sperm concentration, hormonal changes, erectile function and testis volume) in one, prospective, randomized study.
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